stratospheric samples has a similar low value of nM (-1.5 x 10-3) at 700 nm; it increases to approximately 0.007 for the 15-km sample and to 0.02 for the 18-km samples at 300 nm. The measured nIM values for the stratospheric samples are in the same range as those for the surface samples. The stratospheric samples, however, show a greater wavelength dependence than the surface samples.
In contrast, a highly absorbing anthropogenic aerosol, elemental carbon, has an nIM value of -0.6 throughout the visible spectrum (12) . A white substance such as ammonium sulfate has an nIM value of < 10-7 (13) Plankton production in the ocean is apparently a small net .carbon sink; for this reason, the biota of the ocean have been ignored in the global carboh budget (4). The marine biota I considered includes benthic submerged plants, both sea grasses and, maCroalgae, which are termed marine macrophytes. Grouping this collection bf plants into a single category may seem arbitrary. Sea grasses are flowering plants which are ordinarily rooted in soft sediment and derive much of their nutrition from water in that sediment (7). Macroalgae primarily attach to hard substrata and derive their nutrition from the water colunin (8). Despite these differences I will discuss why these plant groups are more like one, ahother than they are like other biological carbon sinks in the ocean.
Data from Whittaker and Likens (9) are presented in a format that is convenient for examining plant biomass, primary production, and mean turnover time, that is, the ratio of biomass to primary production (Fig. 1) ; each biospheric pool is treated as constant, with no change in either biomass or production. The annual release of fossil-fuel carbon and the cumulative release from 1860 to 1974 (1) are shown as production and biomass, respectively (Fig. 1) .
Most terrestrial ecosystems (Fig. 1, A  to N) have a relatively high biomass and a turnover time of years to decades. By contrast, most oceanic ecosystems (Fig.  1 , O to S) exhibit a low biomass and a turnover time of less than a month, but there are two exceptions. Algal beds and reefs (Fig. 1, R) and estuaries (Fig. 1, S) have the highest biomass among the marine ecosystems, and each has a turnover time of about I year. Attached plants are important components in both of these macrophyte ecosystems.
The primary production of the macro-
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phyte ecosystems is only about 5 percent of the oceanic production, but the macrophyte biomass is about two-thirds of the oceanic biomass (Fig. 1) . Moreover, the area covered by the plankton ecosystems (Fig, 1 , O to Q) is 3.6 x 108 km2, whereas the macrophytes (Fig. 1 , R plus S) occupy only about 2 x i06 km2 (9). Thus, the biomass per unit area occupied by the macrophytes is about 400 timtes that of the plankton. Ecosystems with a rapid turnover of stored catbon may be biologically important, but they are ineffective carbon sinks; the carbon has no significant reservoir in which to accumulate. Thus, forests on land are more effective sinks than are grasslands or cultivated lands (Fig. 1) . By analogy, macrophyte ecosystems are more effective carbon sinks than are planktonic ecosystems. Controversy over the importance of the terrestrial biospheric carbon sink mostly deals with the changing biomass of forests (2-6). In other words, the 'points" represented by A to E on Macrophyte production is likely to be (Fig, i) . This figure is 20 percent of the annual fossil-fuel carbon input to the atmosphere (1), half the estimated direct carbon storage in oceanic CO2 by gas diffusion across the air-water interface (2, 4), twice the amount some investigators attribute to an increase in the terrestrial biosphere pool (2, 4), and 20 to 100 percent of the rate of shrinkage of that terrestrial biospheric pool estimated by others (5, 6).
Little of the macrophyte biomass, either grass or algae, is directly grazed and converted to animal biomass (8, 13). Some enters the food web as detritus (8, 13, 14)
. Direct burial provides a net carbon sink of unknown magnitude, but detrital material that is oxidized and liberates CO2 may also serve as a mechanism for CO2 storage. Locally high CO2 partial pressure generated on the sea floor or in the sediments by decaying macrophytes makes the surrounding water more capable of dissolving CaCO3, thus adding CO2 to the alkalinity pool of the oceans. Calcareous organisms are abundantly associated with, and often grow on, both sea grasses and algae (15); oxidation coupled with CaCO3 dissolution may, therefore, be substantial in storing excess CO2 in the form of increasing alkalinity.
Macrophytes that are transported to deep water and oxidized (13, 14, 16) induce a net CO2 change on deep waters that are not equilibrating with the atmosphere except by exchange with surface waters. There is evidence for CO2 liberation from organic-rich deep-sea sediments, in response to oxidation of organic material (17). This may or may not be associated with CaCO3 dissolution. Either the shallow or deepwater oxidative pathways liberate essential nutrients back into the water for continued biochemical cycling while delivering the carbon to the oceanic CO2 pool.
Organic carbon production in the ocean reduces the local CO2 content of surface seawater and lowers CO2 partial pressure. Because plankton production is a low-biomass, fast-turnover process, it does not ordinarily induce a large local reduction of CO2. By contrast, macrophyte production can induce large local changes in CO2 partial pressure, because the turnover rate of carbon from macrophytes is slow due to carbon accumulation in biomass. Coastal CO2 anomalies are both temporally and spatially patchy, because macrophyte distribution and production are not homogeneous. Water-column CO2 partial pressures, calculated from hourly pH and alkalinity sampling in a Western Australia seagrass bed, varied by about 30 uatm (10 percent) over 24 hours in response to community metabolism (Fig. 2) it does not ordinarily induce a large local reduction of CO2. By contrast, macrophyte production can induce large local changes in CO2 partial pressure, because the turnover rate of carbon from macrophytes is slow due to carbon accumulation in biomass. Coastal CO2 anomalies are both temporally and spatially patchy, because macrophyte distribution and production are not homogeneous. Water-column CO2 partial pressures, calculated from hourly pH and alkalinity sampling in a Western Australia seagrass bed, varied by about 30 uatm (10 percent) over 24 hours in response to community metabolism (Fig. 2) . Mean CO2 partial pressures for sites on a Western Australia coral reef rich in macroalgae varied between winter and summer by approximately 120 ,uatm and between sites by 20 to 50 tuatm (Table 1) , Washington, D.C., 1973), vol. 20, p. 861; T. Takahashi, L. A. Prince, L. J. Felice, in ibid., 
